High density medium molecular weight polyethylene (MMWPE,
Introduction
Hard elastic materials characterized by the high extensibility with a very high degree of extension recoverability after removal of the force were achieved about twenty years ago from some crystalline polymers such as isotactic-polypropylene (it-PP)1,2), polyoxymethylene (POM)3) , and the like4,5). They are obtained by making the polymer melts crystallize under comparatively high extension force. Thereafter, striking develop ments have been made on the scientific studies such as that on the deformation mechanism as well as on the applications. Polyethylene (PE) is also one of the candidates of polymers making a hard elasticity6,7). PE shows, however , a much less hard elasticity than it-PP and others mentioned above, because of the very high plasticity under stress. It should be remarked that it is easy to make the material from PE which has the fine structure necessary for the development of hard elasticity, i.e. the structure characterized by well developed lamellae which are stacked in series with uniaxially oriented chain axes . We were interested in whether the comparatively poorer hard elasticity of PE might be improved or not by adding ultra-high molecular weight PE (UHMWPE) whose molecular weight was an order of magni tudes of million, it was difficult to anticipate what effect the addition of UHMWPE to MMWPE would have on the hard elasticity which depends on many structure factors such as the plasticity, morphology and degree of orientation of the crystalline and amorphous phases. UHMWPE has a very poor deformability because of the great number of chain entanglements').
It has been found') that the number of chain entanglements is decreased by making gel from the dilute solution and that the gel has an extraordinarily high drawability, resulting in high strength and high modulus fibers and films . When UHMWPE is blended into medium molecular weight PE (MMWPE), the molecules may be diluted by MMWPE, decreasing the number of chain entangle ments, and make cocrystals with MMWPE. The remaining chain entanglements of UHMWPE and Results and Discussion here that it is difficult to find any substantial differences in Figure 1 and Figure 2 between pure MMWPE and 40% UHMWPE added one. The long spacing from SAXS was 22nm irrespective of the UHMWPE contents. Figure 3 shows the DSC melting curves of the original films, indicating that the addition of 40% UHMWPE does not substantially change the DSC melting profiles, i.e. in the melting peak temperature and the shape of the profiles. The area of the melting peak was also nearly the same among them. These results from DSC indicate that the PE components were homogeneously mixed making cocrystals and that the crystallinity is not affected by the coexistence of UHMWPE component.
Stress-strain relations of the films are shown in Figure 4 where the irregular mode of extension can be observed in the SEM patterns of both specimens with and without UHMWPE component. Figure 8 shows WAXD and SAXS photographs taken by the same incident beam as that in Figure 2 . According to the WAXD patterns, the (110) and (200) diffrac tions are concentrated on the equator, while the (020) diffraction diffuses around the equator. The changes of azimuthal intensity distribution of the (110) and (200) diffractions indicate the increase in the degree of orientation of the axis, while that of the (020) indicates the decrease in the chain axis orientation. It was confirmed, however, that as the result of these competing changes in the azimuthal intensity distributions the degree of orientation of the chain axis is increased by the elongation. SAXS photographs show that the scattering intensity becomes weaker with increasing extension, in accordance with the result that lamellar layers were distorted in the SEM photographs. The change in the long spacing with extension is shown in Figure 9 , together with the strain of the long spacing, defined by [(L-Lo)/ Lo], where L is the long spacing and subscript 0 means the value before elongation. Although the long spacing increased with elongation, the strain is less than that of whole specimens. This means that some slippage along the machine direction took place during extension, additionally to the separation of the interfaces of neighboring *) It has been well known that the separation of interfaces of adjacent lamellae which is stacked in series, resulting in voids between them, is necessary for the hard elasticity and that the separation is not uniformly caused, at early stage of extension (less than 100% extension in an it-PP case), i.e. in some parts the separation has already taken place while in other parts no separation has taken place:10) In the former, the long spacing is larger than the average, while in the later it remains almost as before exten sion. Since the void formation remarkably increases the SAXS intensity, the observed SAXS patterns of these specimens reflect only the structure of the part in which the separation of lamellar interfaces (void formation) has taken place, and as the results, the strain of long spacing is much larger than that of specimens. It should be noted that although this type of void formation is necessary for high extension due to the hard elastic mechanism, another type of void formation due to fibrillation which is related to the slippage of the crystals along the chain axes is the enemy of the hard elasticity.
When the later type of deformation mechanism prevails over the former, the specimens can be extended without extension of the long spacing.
In the case shown in Figure 9 , both of the ex tension mechanisms are considered to coexist.
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